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In the pharmaceutical industry, taste masking techniques are applied to
prevent active pharmaceutical ingredients exhibiting a bitter and unpleasant
taste. The oral administration of bitter drugs through solid dosage forms
requires an acceptable degree of palatability, patient tolerance and significant
therapeutic value. In the recent years, enormous progress in taste masking
technologies has given rise to novel strategies such as fast dissolving dosage
forms, chewable tablets and coating of molten materials. Similarly, common
technologies applying double coating layers, microencapsulation or even
chemical modification have been employed to improve patient compliance.
This review endeavours to present the practical technologies and platforms
applied for taste masking and indicate the most interesting features of
each approach.
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1. Introduction

Taste masking is of critical importance for active ingredients with an unpleasant
bitter taste, due to the need for increased patient compliance. In the pharmaceutical
industry, taste masking technology involves the development of a system that
prevents the active substance interacting with the taste buds, thereby eliminating or
reducing the negative sensory response.

Recent developments in taste masking technology have presented viable and
robust dosage platforms with excellent taste masking properties. Therefore, the
scope of this review is to identify common and novel taste masking technologies of
oral solid forms presently employed in the pharmaceutical industry. This does not
include taste masking formulation options such as the incorporation of flavours and
sweeteners. Most of these technologies enable excellent taste and odour masking,
reduced drug dosage, enhanced therapeutic effect, improved drug adsorption rates
and patient compliance.

There are three general taste masking principles (Figure 1): the use of a physical
barrier, chemical or solubility modification, and solid dispersions, each of them fur-
ther subdivided into several methods. Additionally, unique platforms such as orally
disintegrating and chewable tablets, applicable for taste masking have been exten-
sively employed. This review focuses on the present status, trends and the commer-
cial applicability of existing technologies.

2. Fast dissolving platforms

Fast dissolving dosage forms (FDDFs; Table 1), also known as orally disintegrating
tablets (ODTs), are a recent and viable technological development for bitter
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Figure 1. General taste masking principles.

taste masking. ODTs that disintegrate and/or dissolve rapidly
in the saliva without the need for water appear advantageous
to conventional tablet forms. ODTs, as novel dosage forms,
have several characteristics to distinguish them from the more
traditional ones. The major advantage of ODT formulations
is that they combine the advantages of both liquid and
conventional tablet formulations [1]. They provide the
convenience of a tablet, while also allowing the ease of
swallowing provided by a liquid. Furthermore, the administration
of ODTs is easier for children and the elderly as they do not have
to swallow the medication with water. Taste masking is of criti-
cal importance in the formulation of an acceptable ODT. Pres-
ent methods of taste masking in fast dissolving/disintegrating
tablets in some cases include sweeteners and flavourings.
However, these are not a sufficient means for taste masking a
number of bitter drugs. Another major challenge is subjecting
coated drug particles to the compaction process. In many
instances, during tabletting of standard tablet formulations,
the coating fractures, causing premature release of the drug
into the mouth. When coated particles are needed to mask
the bitter and unpleasant taste of a drug in an ODT, the low
compaction force of ODT technology is advantageous, as it
reduces the probability of the barrier coating fracturing during
the compression process.

Most ODT technologies incorporate unique taste masking
forms, rendering them expedient. The primary methods

of taste masking include adsorption onto or complexation
with carriers and spray coating of drug particles. Moreover,
ODTs implement novel technologies such as freeze drying,
spray drying, molding, spinning, effervescence, sublimation,
sintering, the addition of specific excipients (calcium salt,
sugars, disintegrants) and the common compression processes.
The integration of various methods depends on the drug’s
physicochemical properties. In brief, some of the FDDF
technologies are now described.

Zydis® (Cardinal Health), a FDDF tablet [2,101-103], is
produced by lyophilising or freeze drying the drug in a matrix
usually consisting of gelatin, flavours and sweeteners to
optimise the taste of the dosage form. The solvent is removed
from a frozen drug solution or a frozen drug suspension
containing structure-forming excipients. It dissolves on the
tongue in 2 — 3 s [3]. In addition, it uses microencapsulation
with specialised polymers or complexation with ion exchange
resins to mask the bitter-tasting drug. The combination of
lyophilisation and taste masking creates a product that is
satisfying to the senses of taste and touch. However, the
process of freeze drying is a relatively expensive manufacturing
process. The Zydis formulation is also very lightweight and
fragile, and it has poor stability at higher temperatures and
humidity. It readily absorbs water, and is very sensitive to
degradation at relative humidity > 65%. Presently there are
several commercial drug formulations combined with Zydis,
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Table 1. Commercial fast dissolving dosage forms products.

Douroumis

Product FDDF

Active agent

Indications

Company - Partner

Alavert™

Benadryl® Fastmelt™
Claritin® RediTabs®
Dimetapp®

Excedrin® QuickTabs™
Maxalt® MLT

NulLev™

Pepcid RPD®

Remeron® SolTabs™
Tempra® FirsTabs

Triaminic® SoftChews®

Tylenol®
Zofran®

Zomig® ZMT and
Rapimelt

Zyprexa® Zydis®

Loratadine
Pseudoephedrine sulfate

Diphenhydramine citrate
Loratadine

Loratadine
Acetaminophen caffeine
Rizatriptan benzoate
Hyoscyamine sulfate

Famotidine

Mirtazapine
Acetaminophen

Pseudoephedrine, acetaminophen,
dextromethorphan

Acetaminophen
Ondansetron HC|

Zolmitriptan

Olanzapine

Antihistamine nasal
decongestant

Antihistamine
Antihistamine
Antihistamine

Pain reliever

Migraine

Irritable bowel syndrome

Heartburn

Depression
Pediatric analgesics

Throat pain and cough

Headache
Nausea and vomiting

Migraine

Schizophrenia

CIMA — Wyeth Consumer Health

Yamanouchi — Pfizer

R.P. Scherer — Schering-Plough
Wyeth

Ethypharm — BMS

R.P. Scherer — Merck

CIMA — Schwarz Pharma

Johnson & Johnson — Merck
Pharmaceuticals Co.

CIMA - Organon
CIMA — Bristol-Myers Squibb
CIMA — Novartis Consumer Health

McNeil PPC
R.P. Scherer — Glaxo SmithKline
CIMA — Astra Zeneca

R.P. Scherer — Eli Lilly

FFDF: Fast dissolving dosage forms products.

such as loratadine, piroxicam, rizatriptan, famotidine,
olanzapine and ondansetron.

OraSolv® (Cima Labs) [104-106] is also a fast-dissolving/
disintegrating dosage form. The OraSolv technology disperses
in the saliva with the aid of almost unnoticeable effervescence.
The tablet matrix dissolves in less than 1 min, leaving coated
drug powder. The taste masking strategy in the OraSolv
formulation is twofold: the unpleasant flavour of the drug
is not only neutralised by sweeteners or flavours, but both
drug powder coating and effervescence are used in this
technology. The drug substance incorporated in the tablet
is in microparticulate form. Thus, the microparticle matrix
covers the bad taste and controls the release profile. The major
disadvantage of the OraSolv formulation is its mechanical
strength. The OraSolv tablet has the appearance of a traditional
compressed tablet. However, the tablets are compressed with
very low tensile strength, yielding a weaker and more brittle
tablet in comparison with conventional ones. Formulations of
mirtazepine and acetaminophen are on the market.

DuraSolv® (Cima Labs) is [107,108] a second-generation
fast-dissolving/disintegrating tablet formulation. It is produced
in a mode similar to OraSolv, but offers much higher
mechanical strength due to the use of higher compaction
pressures during tabletting. Due to a non-direct compression
filler, which represents the main ingredient and offers substantial
tensile properties, the DuraSolv matrix is produced in a faster,
more cost-effective manner and it can be packaged in either

traditional blister packaging or vials. However, due to high
compaction pressure, the drug powder may become fractured,
especially for high drug-loading doses and, thus, expose the
bitter taste.

The use of lipids [109] in ODTs has also been proven
successful in masking bitter active agents. A large range of
suitable lipids, such as lecithins, phospholipids, glycolipids
and non-saturated fatty acids, can be combined with a
water-soluble polymeric carrier into a solution or suspension.
Furthermore, the suspension is dosed into blister packets, frozen
and freeze dried to produce the final taste-masked formulation.
The association between the pharmaceutically active substance
and the lipid may either be through partitioning into the lipid
structures, by direct binding of the pharmaceutically active
substance to the lipid molecules, or by adsorption of the
pharmaceutically active substance onto the surface of the
insoluble lipid particles.

There are also several FDDF formulations to mask the taste
of bitter drugs, for example FlashTab® (Ethypharm) (110,111]
Ceform™ (Biovail) [41and Oraquick® (KV Pharmaceuticals) (5],
and EasyTec™ (Antares Pharma) (112].

A novel formulation offering unique taste-masking
possibilities is the Medichew® (Fertin Pharma) gum (6,7,113]
technology. A piece of chewing gum usually consists of a gum
core, which may or may not be coated. The core is composed
of an insoluble gum base (resins, elastomers, emulsifiers, fillers,
waxes, antioxidants and softeners), sweeteners, flavouring
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agents and active substances. As many active substances are
bitter, a common method to mask taste is the encapsulation or
complexation of the active pharmaceutical ingredient by
incorporating cyclodextrins or resins. The development of
such products includes the adjustment of sweetener level and
release, depending on the active properties and release profile
of the product. In short, the manufacturing process comprises
the mixing of a gum base, a taste-masked active ingredient
and sweeteners.

Another approach is the use of EnVel® technology (Cardinal
Health) [201] to surround the bitter active pharmaceutical
ingredient with pharmaceutically acceptable excipients. The
EnVel Technology provides a simple and easy method of
manufacturing chewable tablets that contain a pharmaceutical
active agent requiring taste masking. It uses a standard
mixture of excipients that are processed using common
wet granulation and spheronisation techniques. The active
ingredient is enveloped as a matrix using excipients or the
active agent is isolated as discrete particles using a hydrocolloid
polymer (microcrystalline cellulose and methylcellulose).
The resultant particles are taste masked. Due to the manufac-
turing method, additional flavours can be added to the fine
particles to further optimise the taste masking of the active
pharmaceutical ingredient.

3. Application of physical barrier

The most common method to taste mask a bitter or unpleasant
drug is the use of physical barriers or coating. A physical
barrier coated onto the active ingredient could successfully
provide a palatable oral dosage form, as the coating prevents
early dissolution of drug in the mouth. However, as the tablet
matrix dissolves away, the masked drug particles can be left
in the mouth with a gritty and sandy texture, due to the
large particle size and the insoluble membrane of the coated
particles. This also raises some concern with conventional
tablet dosage forms, as any negative effect on palatability is
not desirable. The primary aim is to formulate an oral dosage
form that effectively masks both the texture and taste of
the active material.

Fluidised bed coating technology is a commonly used
approach to apply a continuous coat around the core particle.
Generally there are two types of techniques that can be
applied when using fluidised bed coating technology:
coating using a polymeric solution [114-116] or using molten
materials [117,118]. The conventional coating process is widely
used but involves solvent solutions that must be evaporated,
and the coating materials are applied as solutions or disper-
sions (30% solid material). However, this method offers a
wide range of suitable polymers that are appropriate for the
taste masking of highly bitter and unpleasant tasting drugs,
and it prevents the grittiness of coated particles. The amount
of the coating polymer in the active granules varies 10 — 40%,
depending on the granule properties and the bitterness

of the drug.

Using the fluidised bed coating process, dextromethorphan
hydrobromide and chlorphenamine maleate [114] have been
efficiently masked. Prior to coating, the active agents were
granulated with mannitol and polyvinylpyrrolidone (PVP K30).
The coating solution consisted of ethylcellulose, PVP and
acetylated monoglycerides. The application of a double coating
layer is also a well-established practice. In this way, drug
granules have also been coated with a double polymeric layer
to eliminate the bitterness of cetirizine HCI [115]. The inner
coating layer is composed of a saliva-insoluble polymer, such
as Eudragit RS30, and the outer layer of a water-permeable
polymer (Eudragit RL30D). Similarly, a rapidly releasing and
taste-masking pharmaceutical dosage form [116] has been
developed consisting of a core containing sildenafil citrate,
low-substituted hydroxypropyl cellulose and microcrystalline
cellulose. The inner coating layer, formed over the core, contains
a water-soluble polymer such as hydroxypropyl methylcellulose;
the outer coating layer, formed over the inner coat, contains a
saliva-insoluble polymer (cellulose or methacrylate grades).

An alternative approach is the selection of a material that
can be applied in a molten state. The GatteCoat" (Gattefossé)
technology [117] involves spraying a melted lipidic ester on
powders or granules, and is a solvent-free process. A lipid layer
of ~ 10 pm is formed around the particles, and the active agent
comprises 95% of the finished product. The lipids used in this
technology are naturally derived mixed glycerides. A similar
approach [118] involves meltable wax materials composed of a
mixture of hydrophobic material (e.g., glyceryl monostearate)
and an oil-absorbing polymeric compound. In these cases,
coating can be applied to pure crystalline active ingredients or
granules (a mixture of active ingredient with other excipients
such as binders). The materials are suitable for water-soluble or
water-insoluble highly bitter drugs, and when the active agent
is combined in tablet form, the dissolution characteristics are
affected significantly.

Furthermore, spray drying has been applied as an alternative
way to provide a physical barrier. A micromatrix active
powder [119] has been produced by mixing nizatidine with a
cationic polymer (Eudragit E100) dissolved in an organic
solvent; the solution is then spray dried. The obtained
micromatrix powder has presented acceptable palatability with
1:6 drug—polymer ratios. The main disadvantage of spray
drying is the use of organic solvents in many cases and the
increased polymer quantities. The latter can result in retarded
drug release profiles depending on the porosity of the obtained
powder. The relative high nozzle temperatures make spray
drying inappropriate for heat-sensitive active agents.

Among the physical barrier technologies, microencapsulation
of bitter drugs is an extensively applied process that is used in
a number of commercial products. In order to achieve more
pleasant dosage forms, microencapsulation techniques with
various polymers have been developed and described in
the literature (s-14]. For example, Microcaps® (Eurand) is
a well-recognised technology used to encapsulate drug
substances [120-122]. It is a flexible and precise technique
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that provides uniform coated drug particles. By applying
coacervation/phase separation processes, it is possible to use
different polymeric membranes with various porosity
properties. Thus, the release rate profiles, organoleptic features
and drug dosage can be determined through the type and the
level of the selected polymer. To achieve a superior taste, the
Microcaps coacervation process creates a physical barrier
between the bitter active pharmaceutical ingredient and the
taste buds using ethylcellulose as the encapsulating polymer to
place a uniform coating of polymeric membrane of varying
thicknesses and porosities directly onto crystals or granules.
Furthermore, Microcaps can be combined with AdvaTab®
(Eurand) ODT technology, to produce taste-masked ODTs
with excellent physical robustness, mouth feel and disintegration
properties. In general, microencapsulation techniques offer
great advantages, such as effective and consistent coating, a
wide range of particle sizes, increased drug stability and the
ability to coat drug crystals or granules. The produced micro-
capsules are blended with other excipients and compressed
into tablets. In order to prevent microparticles fracturing,
either flexible polymers are used or low compression forces are
applied during manufacture. Various polymers such as gelatin,
povidone, hydroxyethyl cellulose, ethyl cellulose, bees wax,
carnuba wax and shellac are used as candidate coating agents.
A rather limited approach for taste masking is the use of
supercritical fluids (SCFs) [123,124], which is a one-step process.
SCFs offers considerably promise for taste masking through
the formation of microparticles. The solvating power of SCFs
makes it possible to separate a particular component from
a multicomponent mixture. Among the major advantages
of SCFs is the high degree of control over physicochemical
properties (particle size, morphology), product homogeneity,
and the single-step production. In some cases, a metastable
amorphous drug form is produced to increase solubility
and bioavailability compared with the crystalline form.
Carbon dioxide is one of the most commonly used super-
critical solvents because of its relatively low critical tempera-
ture and pressure (critical temparature = 31.1°C, critical
pressure = 73.8 bar). The low critical temperature of carbon
dioxide makes it attractive for processing heat-sensitive active
ingredients. Typically, the drug and the polymers are dissolved
in an organic solvent and then sprayed into a high-pressure
chamber filled with supercritical carbon dioxide. SCF
technology has been successfully applied to provide a fluffy,
taste-masked aspartame powder [123]; the powder consists of
needle-shaped microcrystals covered by ethyl cellulose.
Nevertheless, SCFs are not widely applicable because of
their expensive costs, limited polymer/drug solubility in
carbon dioxide and insufficient drug loading in some cases.
An alternative coating method is to use a vapour deposition
process [125126] to coat drug with polymers such as
poly-p-xylylene (Parylene C). Parylene C is not considered as a
toxic material (class VI plastic), as it has been subjected to and
has passed a variety of biological evaluations by the FDA. In this
method, Parylene C is vaporised at a temperature > 170 °C,

Douroumis

followed by pyrolysis of the vapours at ~ 690 °C to form
the gaseous reactive monomer para-xylxylene. This reactive
monomer is deposited onto the drug particle. The drug
particle, which has a lower temperature, causes the reactive
monomer to condense on the surface of the drug particle and
polymerise. Sample dissolution results of this microencapsu-
lated drug (theophylline) showed that a slow release profile is
obtained compared with the uncoated particle. Furthermore,
the major disadvantage of this novel technique is the
requirement of drugs with a relatively high melting point.

4. Solubility modification

Solubility modification is used to reduce the solubility of a
drug in the mouth and, therefore, the bitterness exhibited by
the drug. For example, the solubility of sildenafil citrate [127] is
reduced by incorporating sodium carbonate into the FDDF
tablet. As the solubility of sildenafil is dependent on the
pH, with maximal solubility at pH 2.0, incorporation of
sodium carbonate as an alkalising agent reduces the solubility
of sildenafil citrate in the mouth. Although solubility
modification is a simple process, it is applicable only to
those drugs that have a pH-dependent solubility. Thus, the
applicability of this technique to variety of drugs is limited.

An alternative method used to reduce drug bitterness is
wet granulation of the active agent with water-insoluble
materials. The concepts of wet granulating and the
granulations prepared by such a process are well known. In a
wet-granulation process, the material to be granulated, usually
in powdered form, is wetted with an aqueous composition
of a granulating agent to cause the powdered material to
agglomerate. This agglomerated product is subsequently dried
and then generally milled to reduce the size of the agglomerates
to that suitable for use.

Ibuprofen has been efficiently masked using hydroxypropyl
methylcellulose phthalate (HPMCP) [128]. As HPMCP is not
soluble in pure water, it is necessary to adjust the pH of the
aqueous granulating composition with an alkalising agent or a
buffering system, to adjust the pH to > 5.5. Ibuprofen
granules prepared in this fashion are compressed into a tablet.

Another option is taste masking by inclusion complexation.
Cyclodextrins [15-18,129,130] are the most commonly used com-
plexation agents and they mask the taste of bitter drugs by
either decreasing its oral solubility on digestion or decreasing
the amount of drug particles exposed to the taste buds.
Cyclodextrins with lipophilic inner cavities and hydrophilic
outer surfaces are capable of interacting with a large variety of
molecules to form noncovalent inclusion complexes. The
assumption is that only the free drug molecule exhibits a bitter
taste, and the extent of taste suppression has been reported to
be dependent on the availability of free drug, regardless of the
kind and concentration of cyclodextrins.

A well know multi-platform [19.20,131) for taste-masking
purposes is Captisol® (CyDex, Inc.), a modified cyclodextrin.
This is a polyanionic B-cyclodextrin derivative with a sodium

Expert Opin. Drug Deliv. (2007) 4(4) 421

RIGHTS L1 N Hiy



Expert Opin. Drug Deliv. Downloaded from informahealthcare.com by Hacettepe Univ. on 12/02/12
For personal use only.

Practical approaches of taste masking technologies in oral solid forms

sulfonate salt separated from the lipophilic cavity by a butyl
ether spacer group, or sulfobutylether. Its main advantage is
that neutral, cationic and anionic drugs have been effectively
complexed by Captisol. It has achieved the taste masking of
bitter drugs when incorporated into a solid dosage form, either
as a physical mixture or as a complex formed with the drug.
The drug complex can be isolated using lyophilisation, spray
drying or by application onto another substrate. Tablets made
with Captisol can be film-coated using standard formulations
and processing techniques because the flow properties are
easily controlled by the type of granulation process and the
type of milling used.

Chemical modification such as derivatisation has been
also applied in some cases. It has been reported that the
preparation of ibuprofen derivatives do not have an unpleasant
taste and that the anti-inflammatory activity remains the same.
In this case, ibuprofen was been converted to ibuprofen
p-hydroxyphenylurea ester [132] and it is suitable for oral
administration. The improved taste of ibuprofen has also been
accomplished by conversion into an aluminium salt [133].
A tasteless form of erythromycin monohydrate has been
prepared by chemical modification into erythromycin ethyl
succinate. The derivative has been shown to have significantly
reduced aqueous solubility.

Ion-exchange resins [134-138,21] are used in drug formulations
to stabilise the sensitive components, sustain the release of the
drug, disintegrate the tablets and mask taste. Ion-exchange
resins are high molecular weight polymers with cationic and
anionic functional groups. The drug can be bound to the resin
via an oppositely charged resin substrate, forming insoluble
adsorbates or resonates through weak ionic bonding so that
dissociation of the drug—resin complex does not occur under
the salivary pH conditions. In this way, strong taste-masking
properties can be achieved to minimise the unpleasant taste
and odour of drugs. The resins' properties and the ionic
environment of the gastrointestinal tract determine the drug
release properties, which involves ion exchange between those
in the gastrointestinal tract and those of the drug attached to
the resins. The free drug then diffuses into the gastrointestinal
tract and the resin passes through without being absorbed.
There are several ion exchange resin grades, such as strong and
weak acid cation-exchange resins or strong and weak base
anion-exchange resins. Strong acid cation resins act through
the entire pH range, and weak acid cation-exchange resins
function at pH values > 6.0; both can be used for masking
the taste of basic drugs. On the contrary, strong base anion-
exchange resins act through the entire pH range and can be
used for masking the taste of acidic drugs, and the weak
base anion-exchange resins function well below pH 7.0 [22].
Polystyrene matrix cation-exchange resins (Indion 204,
Indion 234) have been reported to mask the bitter taste
of norfloxacin, ofloxacin, ciprofloxacin and chloroquin
phosphate [23); Amberlite IRP-69 is a strongly acidic, sodium
form cation-exchange resin used to mask the bitter taste of
buflomedil [139]. Resins have also been found to be applicable

to consumable solid films [140], where bitter drug agents
are adsorbed to the ion-exchange resin. An example of this
application is the production of a uniform gel cast on a
substrate, followed by drying of the cast to provide a solid
film with negligible water content.

5. Solid dispersions

Solid dispersion is a process whereby the drug is distributed
or dispersed throughout a dispersion medium. The medium
is normally molten or a polymer solution. The granules
containing the drug can be formed either by solidifying the
molten mixture or evaporating the solvent. There are several
approaches for solid dispersion.

Spray congealing [24,25,141] is a method that is generally used
for changing the structure of materials to obtain free-flowing
powders from liquids and to provide masked pellets ranging in
size from ~ 0.25 to 2.0 mm. In this process, the drug substance
is allowed to melt, disperse or dissolve in a hot melt of other
additives. It is then sprayed into an air chamber where the
temperature is below the melting point of the formulation
components, to provide spherical congealed pellets. It uses
waxes (beeswax) and water-insoluble polymers (ethylcellulose).
The particles are held together by solid bonds formed from the
congealed melts. Due to the absence of solvent evaporation in
most spray congealing processes, the particles are generally
non-porous and strong, and remain intact upon agitation.
The characteristics of the final congealed product depend in
part on the properties of the additives used. The conversion
of molten feed into powder is a single, continuous step.
Proper atomisation and a controlled cooling rate are critical
to obtain a high surface area, and uniform and homogeneous
congealed pellets. The main disadvantage of spray
congealing is the continuous temperature exposure during
processing. Furthermore, the formulations can exhibit
sustained release profiles after they have been disintegrated,
and coated particles may posses a gritty mouth feel due
to the water-insoluble polymers; thus leaving the coated
particles intact in the mouth after all the other excipients
have disintegrated and dissolved.

Melt granulation [142,143] is another frequently referred to
taste masking method using highly water-soluble sugars.
For example, this process is involved in the dispersion of
sildenafil citrate in a molten mixture containing highly
water-soluble sugars (mannitol and xylitol). The mixture is
heated above the eutectic temperature (190 — 195 °C) and then
is rapidly cooled to form a glassy solid. Optionally, the use of
liquid solvents (e.g., methanol, ethanol, polyethylene glycol)
facilitates lower melting temperatures. The solvents are
removed upon cooling and solidification. Using this approach,
a mucoadhesive masked film has been produced in a solid
dispersion that dissolves in < 200 s. This approach is less
effective for heat-sensitive active agents. Where these are used,
it is preferable to use a low melting point solid material as a
binder. A low melting point polymer can be melted and used
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as a liquid binder to aggregate the powdered active material
and excipients into granules. The binder is thereby perma-
nently incorporated into the granules when those granules
are cool. By this means, the partial melt granulation of
D-pseudoephedrine HCI has been performed using PEG 8000,
colloidal silicon dioxide and magnesium stearate by heating
up to 72 °C. However, the heat necessary to soften or melt the
binder is generally supplied by a high shear mixing device; and
thus, the generated heat distribution is difficult to control,
which may result in heat inactivation of some active materials.
Moreover, the taste masking is incomplete and the addition
of taste-modifying agents or further coating is required.

A well-known, solvent-free approach is the hot melt
extrusion generally accepted as a method to enhance the
dissolution characteristics of poorly soluble drugs [144-146,26].
The melt extrusion process in taste masking is performed by
mixing the drug with an extrudable material (e.g., Eudragit
E and polyvinylpyrollidone vinyl acetate), with the option of
adding a plasticiser. The produced solid dispersion presents
a fine, taste-masked powder, achieved, the drug—polymer
interactions. These interactions are explained through hydrogen
bonding bridges between drug—polymer functional groups.
Thus, melt extrusion is especially useful for anionic or cationic
(also salt forms) active ingredients. Melt extrusion has been
used to reduce the unpleasant taste of ibuprofen and verapamil
HCI (202 extruded with Eudragic L100 — 55 and E100.
The resulting dispersions have demonstrated high drug loading
and increased dissolution rates. In the case of verapamil HCI,
the drug—polymer interactions have been confirmed using
X-ray photoelectron spectroscopy and differential scanning
calorimetry. The first technique has shown interactions between
the Cl anion and the carboxylic groups of the methacrylate
polymer, and the latter has demonstated decreasing glass
transition temperatures with increased polymer amounts. The
melt extrusion process is advantageous compared with the
use of molten materials because of the controllable heat
distribution, high mixing efficiency, cost effectivity, continuous
processing and scale-up efficiency from a small-scale labora-
tory extruder to a large scale, production-sized melt extruder.
The addition of a plasticiser such as stearic acid or triethyl
citrate makes hot melt extrusion effective for heat-sensitive
drugs, as extrusion temperatures can be < 50 °C. In some cases,
the active agent itself can act as a plasticiser. Ultimately, hot
melt extrudates result in the confinement of uncontrollable
drug-polymer interactions during storage that could
possibly eliminate the taste masking and affect the stability
of the active.

Another method of forming the desired taste-masked
solid dispersion is precipitation [147,148] followed by solvent
evaporation and drying. This is a method of preparing
stable dispersions of poorly soluble active agents in the
presence of one or more surface stabilisers free of any trace
toxic solvents.

This is a straightforward method that consists of, for
example: i) dissolving the poorly water soluble active agent in
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a suitable solvent; ii) adding the formulation from step i) to a
solution composed of at least one surface stabiliser to form a
solution; and iii) precipitating the formulation from step
ii) using an appropriate non-solvent. Using the precipitation
process, the active substance is entrapped within the polymer
matrix by 7 situ complexation, which eliminates the bitter
taste and provides a good mouth feel. The method can be
followed by removal of any formed salt, if present, by dialysis
or filtration and concentration of the dispersion by conven-
tional means. The resultant nano- or microparticulate active
agent dispersion can be formulated into a powder followed by
dosage formulation. In this way, cefuroxime axetil and
clarithromycin solid dispersions have been prepared by
dissolving the bitter active ingredient, a methacrylic acid
copolymer and a phthalate polymer in a solvent system, and
then recovering the matrix including the active ingredient and
the two polymers from the solution. The obtained granules are
further coated to yield a non-bitter formulation. Although
precipitation can be applied for several active substances, in
some cases, either the requirement for a harmful solvent or the
stability of the active agents in the solvent are disadvantages.
Additionally, increased polymer—drug ratios are necessary to
mask the bitter taste, resulting in a slow drug release profile.

6. Conclusions

In this review, the authors have provided a comprehensive
description of the taste masking technologies applied in
pharmaceutical technologies. It is evident that the taste masking
of bitter drugs has received much attention, and enormous
amounts of research are underway with the aim of improving
drug palatability. There are numerous effective technologies
and approaches, varying from common granulation or coating
processes to novel fast-disintegrating technologies. The appli-
cability of all these approaches is subject to a drug’s properties
and depends on the type of dosage form required. Despite the
fact that each of the aforementioned conventional techniques
presents several advantages, there are some drawbacks. The last
decade has seen the introduction of several unique platforms.
As a consequence, a wide spectrum of robust formulations are
commercially available.

7. Expert opinion

In the last decade, there has been an enormous drive in
the development of taste-masking technologies. Several
technologies have been developed to improve the palatability
of commercial pharmaceutical products, and each depends on
the drug’s nature and physicochemical properties.

Although the fluidised bed coating method is a
well-established process, it cannot always achieve sufficient taste
masking of bitter drugs, especially for moisture-sensitive drugs.
The novel approach of using molten materials in a solvent-free
coating process (Gattecoat) is a successful alternative for effective
taste masking without producing drug—polymer interactions.
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This approach would also be particularly useful for moisture-
sensitive active agents that could not be coated by conven-
tional aqueous-based film coating approaches. The spray
congealing, melt-granulation and melt-extrusion techniques
are essentially similar to each other, as they all involve melting
hydrophobic (waxes) or hydrophilic material (sweeteners; e.g.,
xylitol, mannitol) and mixing them with the drug, with the
molten mixture then being allowed to solidify. With these
approaches it is essential to establish the chemical compatibility
of the drug and excipients. The first two approaches may be
useful for drug substances that are not particularly bitter and
are unsuitable for wet granulation, due to the moisture sensi-
tivity of the drug. The hot melt extrusion method is the most
attractive due to its ability to create solid dispersions or solid
solutions, with effective taste masking once drug—excipient
compatibility is proven. This provides improved dissolution
behaviour, leading to enhanced bioavailability. Furthermore,
the combination of various polymers, the absence of solvents
and the efficient scale up makes hot melt extrusion an
advantageous process.

Presently, two platform technologies: the fast dissolving
dosage forms and the chewable tablets, are dominating the
taste masking strategies. In our opinion, the ODT platforms
comprise the most advanced taste-masking approaches.
Although chewable tablets have been on the market for some
time, they are not as effective as the new ODTs. Patients for
whom chewing is difficult or painful can use ODT tablets
easily. The main advantage of ODT tablets is the unique
characteristic of being able to apply several of the aforemen-
tioned methods, such as microencapsulation, complexation
with ion exchange resins, spray coating or effervescence
in some cases, and, thus, they are not limited by the physico-
chemical properties of the active substance. The outcome is
improved patient compliance both in adolescent and elderly
populations, decreased onset time, absorption modification
and increased bioavailability. In addition, their outstanding
pharmacokinetics profiles could expand ODTs into various
therapeutic areas where compliance is critical. Nevertheless,
there are additional steps to be taken before ODTs are
established as the primary taste masking platform.
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